Papillary thyroid carcinoma (PTC) is the most frequent type of the thyroid malignancy. 1 The prognosis of PTC is generally favorable, but more than 10% of patients are at risk of recurrence in long-term follow-up. [2] [3] [4] To avoid unnecessary treatment, identifying PTC patients with a high risk of recurrence and/or metastasis is becoming more important given a significant increase in the incidence of PTC.
Papillary thyroid carcinoma (PTC) is the most frequent type of the thyroid malignancy. 1 The prognosis of PTC is generally favorable, but more than 10% of patients are at risk of recurrence in long-term follow-up. [2] [3] [4] To avoid unnecessary treatment, identifying PTC patients with a high risk of recurrence and/or metastasis is becoming more important given a significant increase in the incidence of PTC. 5 Some study results have shown that clinicopathologic factors including extrathyroidal extension, patient age, tumor size, sex, multifocality, lymphatic invasion, and desmoplastic reaction are associated with poor prognosis of PTC. [6] [7] [8] [9] [10] [11] [12] [13] [14] In many malignant epithelial tumors, lymphovascular invasion and lymph node metastasis are known to be independent poor prognostic factors, and lymphovascular invasion of tumor cells is considered to precede lymph node metastasis. [15] [16] [17] In contrast to follicular carcinoma, PTCs are known to spread through lymphatic vessels rather than vascular channels and commonly metastasize to lymph nodes. 18, 19 Some previous studies have revealed that lymphatic invasion of PTC is associated with lymph node metastasis and/or poor prognosis. [20] [21] [22] The wide range of prevalence of lymphatic invasion in PTC patients may be due to an unclear definition of lymphatic invasion. [20] [21] [22] On hematoxylin and eosin (H&E) stained slides of tumor sections, tumor cell clusters without desmoplastic reactions around the main PTC mass are frequently observed. These tumor clusters are not connected to the main mass and sometimes show radial arrangement around the main mass. The tumor clusters may resemble lymphatic tumor emboli, but these cancer cell clusters lack evidence of lymphatic invasion such as endothelialization and thrombus formation, and are surrounded by lymphatic spaces. We hypothesized that these tumor cell clusters would be either a tentacular expansion of the main tumor mass or lymphatic emboli and the presence of these clusters will show an association with lymph node metastasis and recurrence Background: Identification of poor prognostic factors in papillary thyroid carcinoma (PTC) patients is important for the patients' care and follow-up. We can sometimes see small tumor clusters without desmoplasia and no evidence of lymphatic emboli around the main tumor mass of PTC. We termed this form of tumor clustering, 'tumor sprouting,' and determined whether these tumors correlate with lymphovascular invasion, lymph node metastasis, and recurrence. Methods: We analyzed a total of 204 cases of papillary thyroid macrocarcinoma. Number, size and distance from the main tumor of the tumor sprouting were observed and analyzed with clinicopathologic characteristics. Results: Tumor sprouting was observed in 101 patients. Presence of tumor sprouting was significantly associated with positive resection margin (p = .002), lymphovascular invasion (p= .001), lymph node metastasis (p< .001), and recurrence (p= .004). Univariate analysis of recurrence-free survival revealed that tumor multiplicity (p = .037), positive resection margin (p = .007), lymphovascular invasion (p = .004), lymph node metastasis (p < .001), and tumor sprouting (p= .004) were poor prognostic factors. In multivariate analysis, positive resection margin was an independent poor prognostic factor of recurrence. Conclusions: In conclusion, tumor sprouting is significantly correlated with lymph node metastasis and recurrence. Evaluation of tumor sprouting in PTC patients could be helpful in predicting tumor recurrence or lymph node metastasis.
Key Words: Tumor sprouting; Thyroid cancer, papillary; Lymphatic invasion; Lymph node metastasis; Recurrence of PTC patients. We named these cancer cell clusters "tumor sprouting" and, in this study, evaluated the correlation between tumor sproutings and clinicopathologic factors.
MATERIALS AND METHODS

Patients and clinical data
A total of 204 histologically-proven PTC patients who underwent surgical resection of the thyroid between May 2008 and December 2010 at the Korea University Guro Hospital were included in this study. Papillary microcarcinoma (tumor size ≤1 cm) patients were not included in this study. All included cases were classical type papillary carcinoma. All patients underwent standard hemithyroidectomy or total thyroidectomy with or without lymph node dissection. Lymph node dissection including central and/or lateral neck dissection was performed in 107 patients (52%). These patients were followed-up regularly (median follow-up, 35 months; range, 1 to 54 months) and evaluated for recurrence and distant metastasis by ultrasonography or computed tomography. When tumor recurrence was suspected, fine needle aspiration was performed for pathologic confirmation. Seventeen patients (8%) recurred including one patient with local recurrence and distant metastasis to the lung, and no patient has died during the follow-up period. Patients who have not undergone lymph node dissection (n=97) were regarded as the lymph node negative group, because these patients had no palpable or enlarged lymph node at their first follow-up visit. This study was approved by the Institutional Review Board of the Korea University Guro Hospital (KUGH11131-002).
Clinicopathologic data and histopathologic review
Clinicopathological data including age, sex, type of surgery, distant metastasis, recurrence, and follow-up data were obtained from medical records. H&E stained glass slides were reviewed by two pathologists (E.L and B.-H.K). Tumor size, multifocality, desmoplastic reaction, extrathyroidal extension, tumor margin status, lymph node metastasis, and lymphovascular invasion were determined by slide review. 23 The presence of separate tumor clusters without a connection to the main tumor mass was regarded as a multifocal tumor when the long diameter of the tumor cluster was larger than 0.3 cm or a desmoplastic reaction was observed around the tumor cluster. Cases showing one or more desmoplastic area(s), observed at 100× magnification, were classified as the desmoplasia-positive group. Lymphovascular invasion was defined as a tumor cell cluster located within the endothelialized space with or without fibrin thrombus. 24 We defined "tumor sprouting" as a separate tumor cluster lacking desmoplastic reaction, with a distance from the main tumor border or desmoplasia of more than 0.1 cm, and the size of the tumor cluster not more than 0.3 cm. We evaluated the number and maximum size of tumor sprouting and the maximum distance from the main tumor mass. Tumor sprouting evaluation was performed using one representative tumor section slide per patient that contained the largest cross section of the main mass. Immunohistochemical staining of D2-40 (1:40, Clone D2-40, Signet Laboratories, Dedham, MA, USA), cytokeratin 19 (1:250, RCK108, Dako, Glostrup, Denmark) and high molecular weight cytokeratin (HMW-CK; 1:300, 34βE12, Dako) were performed on all representative tumor sections to aid in finding tumor sprouting and lymphatic invasion (Figs. 1, 2).
Statistical analysis
IBM SPSS ver. 20 (IBM Inc., Armonk, NY, USA) was used for statistical analysis. To evaluate the correlation between tumor sprouting and clinicopathologic factors, we performed Pearson's chi-square test, Fisher's exact test and linear regression analysis. Recurrence free survival was obtained using the Kaplan-Meier method and a log-rank test. Multivariate analysis was performed using the Cox-proportional hazards model. p-values of .05 or less were considered to be statistically significant.
RESULTS
Tumor sprouting
The clinicopathologic characteristics of 204 patients are described in Table 1 . Among 204 thyroidectomy specimens, lymphovascular invasion was observed in 10 patients (5%) and tumor sprouting was observed in 101 patients (50%). D2-40 immunohistochemical staining failed to reveal lymphatic endothelial cells in and around tumor sproutings. The mean size of tumor sproutings was 0.08 cm (range, 0.01 to 0.3 cm) and the mean number was 3.52 (range, 1 to 20). Distance of tumor sprouting from the main tumor ranged from 0.1 to 1.0 cm (mean, 0.3 cm). Characteristics of tumor sprouting (number, size, and distance) were closely inter-correlated with each other (p<.001). The number of metastatic lymph nodes was also correlated with the number, size, and distance of tumor sprouting (p<.001). In other words, the greater the number, size, and distance of tumor sprouting, the greater the number of metastatic lymph nodes. No linear relationship between the patient's age, tumor size, number of tumors, number of desmoplastic foci, and characteristics of tumor sprouting was observed.
Correlation between tumor sprouting and clinicopathologic characteristics
In the analysis of a total of 204 patients, presence of tumor sprouting was correlated with lymph node metastasis (p<.001), resection margin status (p=.002) and lymphovascular invasion (p=.001). Lymph node metastasis showed an association with male sex (p=.025), tumor size larger than 2 cm (p=.001), positive resection margin (p=.015), and lymphovascular invasion (p<.001). Lymphovascular invasion was more common in the male sex (p=.019). Correlations between tumor recurrence and tumor sprouting (p=.004), lymph node metastasis (p=.001), lymphovascular invasion (p=.040), resection margin status (p= .016), and tumor multiplicity (p=.049) were observed ( Table 2) . Analysis of correlations between the clinicopathologic factors was done in the lymph node dissection group (n=107). The presence of tumor sprouting showed an association with lymph node metastasis (p<.001) and lymphovascular invasion (p= .009). Lymph node metastasis was correlated with lymphovascular invasion (p=.014) and male sex (p=.037) and recurrence was correlated with lymph node metastasis (p=.017) and tumor multiplicity (p=.039) ( Table 3) .
Recurrence-free survival
The mean recurrence time of 17 recurred patients was 14 months and recurrence time ranged from 3 to 36 months. The primary recurrence sites were regional cervical lymph nodes in 13 patients, the thyroid bed in two patients, and both cervical lymph nodes and the thyroid bed in two patients. One patient developed distant metastases to the lung 27 months after the thyroid bed recurrence. Tumor sprouting in thyroidectomy specimens was observed in 14 (82%) out of 17 recurred patients. Twelve (71%) recurred patients had lymph node metastases at the time of the thyroidectomy.
In the univariate survival analysis using a log-rank test, lymph node metastasis (p<.001), tumor sprouting (p=.004), lymphovascular invasion (p=.004), resection margin (p=.009), and tumor multiplicity (p=.037) showed significant associations with recurrence (Fig. 3) . Multivariate analysis showed that resection margin (p=.040) is the only independent poor prognostic factor for recurrence (Table 4) .
DISCUSSION
The main route of tumor spreading in PTC is lymphatic vessels and lymphatic invasion of PTC is associated with lymph node metastasis. [18] [19] [20] [21] [22] Although lymphatic invasion is an important prognostic factor of recurrence and a predictive factor of lymph node metastasis, the definition of lymphatic invasion is somewhat obscure. Some authors define lymphatic invasion as the presence of an endothelialized tumor cluster, while others define it as an endothelialized tumor cluster accompanied by thrombus formation, or as tumor emboli or cancer cells in lymphatic vessels. 24, 25 The wide range of prevalence of lymphatic invasion in PTC patients may be due to the unclear definition of lymphatic invasion. [20] [21] [22] In pathology literature, the definition of lymphatic invasion is not uniformly accepted and mainly focuses on lymphovascular invasion, which includes vascular invasion of follicular carcinomas. 24, 25 The absence of a uniformly accepted definition of lymphovascular invasion in PTC explains the wide range (5% to 81%) of lymphovascular invasion prevalence in previous studies. 20, 22, [26] [27] [28] [29] Because lymphatic invasions of PTC may precede lymph node metastasis and recurrence, establishment of a uniform concept of lymphatic invasion is important. In general, the concept is defined as the presence of an endothelialized tumor cluster or the presence of tumor emboli or cancer cells in lymphatic vessels. 24, 25 Using these strict criteria, we could find only 10 cases with lymphatic invasion in a total of 204 PTC cases, in which 68 pathologically-confirmed lymph node metastasis cases were present.
During microscopic examination of thyroid resection specimens of PTC patients, we can sometimes see small tumor cluster(s) scattered around the main PTC tumor mass. These tu- mor clusters lack endothelialization, are not surrounded by lymphatic spaces, and do not exhibit desmoplastic reactions. Although these tumor cell clusters resemble lymphatic tumor emboli, in most cases, ancillary studies such as immunohistochemical staining of CD31, CD34, and D2-40 could not reveal lymphatic endothelial cells. Therefore, we named these tumor clusters 'tumor sprouting' and hypothesized that tumor sprouting would be either a kind of tentacular tumor expansion or lymphatic emboli that could not be easily confirmed by histopathologic examination, and the presence of tumor sprouting and characteristics of tumor sproutings (number, size, and distance from the main mass) would show a correlation with lymph node metastasis.
In this study, we found significant associations between lymph node metastasis, lymphovascular invasion, and tumor sprouting. A linear correlation between the characteristics of tumor sprouting (number, size, and distance from main mass) and the number of metastatic lymph nodes were also observed. In the univariate analysis of recurrence free survival, presence of tumor sprouting was a poor prognostic factor along with lymph node metastasis and lymphovascular invasion. These findings suggest that tumor sprouting can serve as another poor histopathologic prognostic marker that could predict tumor recurrence or lymph node metastasis.
We included only papillary macrocarcinomas with a tumor size that exceeded 1 cm. Because the objective of this study was to examine the correlation between tumor sprouting and lymph node metastasis, papillary microcarcinomas were not included. Lymph node metastasis and tumor sprouting is less frequent in papillary microcarcinomas, although a larger scale patient cohort is essential to verify this correlation. We used recurrence-free survival to evaluate the prognosis of the patients because there was no mortality and only one distant metastasis in our cohort during the follow-up period. A further study with more patients and a long-term follow-up could reveal the effect of tumor sprouting in papillary microcarcinoma and on overall survival. One representative cross sectional slide was used for the evaluation of tumor sprouting in this study. Inclusion of all slide sections could result in a biased estimation of tumor sprouting number and distance due to the difference in the examined field area as well as differences in tumor size and angle. Tumor clusters too close to the main mass or desmoplastic area were not counted as tumor sprouting because of the difficulty to distinguish these separate tumor clusters from a continuous bulging of the main tumor. To differentially define tumor sprouting from tumor multiplicity, desmoplastic reaction around the tumor cluster and tumor cluster size were adopted as criteria. A desmoplastic reaction around the tumor cluster indicates the extravasation of tumor clusters from lymphatic vessel, so tumor clusters with desmoplastic reactions were counted as multiple tumors regardless of cluster size. Larger tumor clusters often showed desmoplastic reaction in serial sections, where the arbitrarily chosen 0.3 cm was also used as criteria.
Ancillary studies including immunohistochemical staining of cytokeratin 19 (CK19) and HMW-CK were helpful in finding tumor sprouting in the histopathologic slides. All tumor sproutings showed typical nuclear morphology of PTC, but the small size and absence of a peritumoral reaction of tumor sprouting made it difficult to find them on H&E slides. Although CK19 and HMW-CK staining is helpful in finding tumor sproutings, these stains were often positive in benign follicular cells with lymphocytic or Hashimoto's thyroiditis. Confirmation of tumor cell nuclear morphology with H&E stained slides is necessary for the identification of tumor sprouting.
Other clinicopathologic factors mentioned in the literature including tumor size, tumor multiplicity, desmoplasia, extrathyroidal extension, resection margin, lymphovascular invasion, and lymph node metastasis were examined in this study. In the univariate analysis of recurrence free survival, tumor multiplicity, positive resection margin, presence of tumor sprouting, lymphovascular invasion, and lymph node metastasis showed poor prognosis. However, positive resection margin was the only independent poor prognostic factor in the multivariate analysis. Due to a relatively short follow-up period and no mortality during observation, overall survival could not be evaluated. Further studies with a long-term follow-up period may reveal a prognostic impact of tumor sprouting in PTC patients.
In summary, presence of tumor sprouting is significantly correlated with lymph node metastasis and recurrence. Evaluation of tumor sprouting in PTC patients could be helpful in predicting tumor recurrence or lymph node metastasis.
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